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FOREWORD

This Final Report, along with its companion Interim Reports from Fall
and Winter Quarters, present the results of the first year of research under
the auspices of the Universities Space Research Association (USRA) Advanced
Space Design Project at Utah State University (USU). However, innovative
research efforts of this type have been conducted at USU for quite some time.
The first Get Away Special payload to fly into space aboard the space shuttle
was developed and built at USU, as were several subsequent payloads. This
tradition of solid research and accomplishment has been continued in the work
summarized in these documents.

The students involved varied from quarter to quarter as their
schedules permitted (see 1isting at front of each report), although several
participated throughout. Each quarter, however, the team was comprised of
individuals from several disciplines, ranging from Mechanical Engineering to
Biology, which undoubtedly strengthened the design process.

It deserves mention that this design course has resulted in the
authoring and presentation of three papers at conferences: AIAA Region VI
Student Conference (May 1987), The Case For Mars III Conference (July 1987),
and the AIAA Lighter-Than-Air Conference (August 1987). Final design results
were presented to the Utah Section of the AIAA, related articles appeared in
three Utah newspapers, and a local radio station and the Salt Lake City CBS
Television affiliate broadcasted stories on the course.

On behalf the design team members, I wish to express gratitude to USRA
and NASA/OAST for funding, to Mr., Jim Burke of Jet Propulsion Laboratory for
excellent and expeditious technical support, and to Dr. Frank J. Redd and
Dr. L. Rex Megill for their excellent guidance throughout the year in this
endeavor.

Raymond J. LeVesque, II
Graduate Teaching Assistant/Editor
USU/MLR Advanced Design Course
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1.0 Introduction

1.1 Report Objective

Development of the Mars Lander/Rover (MLR) spanned three academic
quarters, representing distinct design phases. The first Interim Report
presents the initial configurational decisions reached concerning major
vehicle components. Next, the selected vehicle design was analyzed in greater
detail, resulting in the modular, multi-vehicular system consisting of a
mothership lander, a short-range sample acquisition rover (SAR) which supports
the analysis faclities aboard the mothership, and an aerial payload, or
balloon rover (BR), which provides high-resolution imaging of the surface,
atmospheric characterization at a variety of altitudes and locations, and,
eventually, a secondary, long-term data acquisition facility on the Martian
surface. Details of this development are presented in the Winter Interim
Report.

This Final Report is the third of the three-volume set. It contains
the results of studies on one particular part of the MLR system: the Balloon
Rover. This component vehicle was selected for further research and design
during the Spring Quarter because of the lack of technical literature on this
subject as compared to surface rover technology, an area of on-going research
in both government and private research groups.

Another reason for this closer study of the Balloon Rover is that it
provided an excellent opportunity to experience, in the design course,
development of a system on a more well-defined level than in the previous two
quarters. As evident in various parts of this Final Report, an important
lesson demonstrated during this process was that design challenges tend to
increase in number and complexity as the level of refinement increases, making
design group interaction and evaluation even more important to the success of

a project.

1.2 Operational Scenario

The baseline for this project has been derived from various sources,
most notably the National Commission on Space Report. This information,
combined with the decision that delivering the payload to Mars orbit would not
be considered within the scope of this study, resulted in the following
overall mass constraint. It was assumed that future launch vehicles would be
capable of delivering 5000 kg to the surface of Mars(from National Commission
on Space Report). Further, it was decided that this mass would be made up of
five separate landing vehicles. Each of these vehicles consists of a
landership (termed the mothership), a local sample acquisition rover, and an
airborne balloon rover. This system was selected from a group of candidates
(see Winter Interim Report) as the most feasible and effective method of
accomplishing the goal of wide-scale characterization of Mars. Additionally,
the number of these lander vehicles can be tailored, in a modular fashion, to
match realized future launch capabilities.



1.3 Organization of Report

The report is divided into sections pertaining to the various aspects
of the Balloon Rover development. Each is presented as a complete sub-element
of this document, and consequently, may be read in a different order, if
desired. References are found at the end of each section, and supporting
appendices are located in a separate section at the end of the document.
Appendix numbering corresponds to the respective sections of the text.



2.0 Environment & Landing Site Selection -- Jim Siplon & Ted Holtz

2.1 Environment

The global environment of Mars, its extremes, and specific landing
site selection made up the primary focus of our research this quarter.
Environmental constraints are critical to all hardware design, especially for
the balloon rover vehicle. Environmental factors studied in detail include
incident solar flux, wind speed and direction, temperature extremes,
atmospheric pressure, airborne particulates, and terrain. This section
details these areas, and their potential impact on the balloon rover.

2.1.1 Solar Flux

Mars receives between 36% and 52% of the solar radiation received
by the earth. These bounding values occur at aphelion and perihelion,
respectively. These figures translate into 400 W/m and 600 W/mZ
perpendicular to the sun, decreasing as the cosine of the angle of the
sun. The atmosphere of Mars reflects approximately 20% of the incoming
Tight, but allows 100 times the cosmic radiation that strikes the earth's
surface to strike the surface of Mars. Instruments must be shielded
accordingly to prevent damage. The feasibility of using solar panels is
directly affected by the radiation flux, both in terms of power output
and degradation due to exposure(see Sec. 6.1 Solar Panels). In general,
materials must be chosen carefully so that lifetime is maximized.

2.1.2 MWinds

On the average, winds blow constantly from 0 to 10 m/s with gusts
up to 25 and even 35 m/s on occasion. Winds up to 20 or 30 m/s were
observed by Viking to occur every 3.3 days. Global wind storms occur
every 2 Earth years during the Martian southern summer, with wind speeds
as high as 75 m/s. These winds hurl particles of dust into the air and
can Tast for weeks. Winds 20 to 30 km aloft range between 100 and 120
m/s. As a means for comparison, a 100 m/s wind on Mars has the same
force as a 10 m/s wind on Earth due to the relative densities of the
atmospheres. Winds are obviously important in the balloon deployment and
cruise phases, as well as the life of the balloon rover. Airborne
particles resulting from dust storms drastically change atmospheric
temperatures and available solar flux at Mars' surface. All of these
factors, and specifically wind direction and speed at each site, will be
critical to the landing site selection process.

2.1.3 Atmospheric Pressure

Pressure appears to be largely altitude- and temperature-dependent
on Mars., Viking data shows 7 mb at a location 1 km below the planetary
datum and 7.8 mb at 2 km below the datum. These figures vary 20% to 25%,
due to seasonal temperature fluctuations, in a quasi-sinusoidal fashion.
This variation is shown in Figure 2.1, Altitude is an important factor
in site selection as a 1 km change in altitude can mean a 1 to 2 mb
change in pressure and a corresponding drop in density. This is
significant in determining balloon rover cruising altitude and ultimately
the balloon 1ife, depending upon the local geography. See Figure 2.2.
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2.2

2.1.4 Temperature

Temperature ranges at the equator vary from 180 to 250 K and from
145 to 180 K in the polar regions. The Tow temperature at the poles
results in the condensation of CO2 into solid form, which is the
predominant constituent of the polar caps. Daily temperature variations
are as great as 80 K between sunrise and noon. These AT's could have an
immense impact on the brittleness of balloon materials. There is also as
much as a 50 K difference between the temperature at the surface and 1 to
2 meters above it. Temperatures vary mainly with altitude and latitude.

2.1.5 Summary

A1l of the above environmental factors were observed to be altitude
related as well as a function of atmospheric density. The selected
sites, which are presented in the following section, constitute a
compromise between geographic location, and thus scientific interest, and
altitude. The altitude requirement is driven mainly by the descent
system parachute sizing.

Landing Sites

A total of five landing sites were selected for the baseline MLR
mission. These are described and shown on this and the next three pages.

1. Capri Chasma (48° W 14° S) This site is near the eastern mouth of
Valles Marineris, having walls that rise to between 2 and 4 km on either
side, about 300 km away. The canyon is approximately 200 km wide and
4500 km long, which is roughly the span of the United States, east to
west. The site altitude is 0 km, in other words, it is at the altitude
of the planetary datum. The anticipated pressure is 6-7.5 mb. Winds are
nominally out of the northeast and will be accelerated through the canyon
due to a venturi effect.

2. Olympus Mons (152° W 17° N) This area consists of plains and ancient
volcanic lava flows located 1500 km due west of the Targest known volcano
in the solar system, at an altitude of 0 kilometers. Pressures are
expected to be 6-7.5 mb.

3. Hellas Planitia (304° W 40° S) This large crater in the southern
hemisphere is felt to have been formed by either a large meteor or comet
impact. Since the site is four kilometers below the datum, pressures
between 10 and 12.5 mb are expected.

4, Apollinaris Patera (190° W 5°S) This site has volcanic constructs,
plains, knobby terrain, and heavily cratered uplands. As with the first
two sites, this location is at an altitude of 0 with respect to the
planetary datum, indicating a probable pressure of 6-7.5 mb.

See Figure 2.3 for these four sights.
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5. North Pole Region (18° W 70° N) This site was selected because of its
Tow altitude and the chance of discovering water on Mars. Its altitude
is 3 km below the datum, suggesting typical pressures of 8.5 to 10.5 mb.
Long balloon life is anticipated here because everything north of 50° is
below the datum. This region has terrain such that the balloon rover,
cruising at its nominal altitude, would have a fiight corridor 2000km
wide by 8000km long. Possible missions in this area range from multiple
balloon rovers to specialized surface rovers designed to deal with the
ice in winter. A major problem anticipated is the fact that, as winter
approaches, carbon dioxide precipitates from the atmosphere onto the
surface, covering surface rovers under meters of snow. This site is
indicated on the figure below.

NORTH POLE

Figure 2.4
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3.0 Balloon System Development -- Grant Williams

In conjunction with the MLR group's focus on the balloon rover, a more
complete evaluation of the balloon design was needed. As our knowledge of the
atmospheric properties at the various landing sites and of balloon dynamics
improved, I determined the proper balloon size/payload tradeoffs, and
predicted pressure and volume variations, as well as select a suitable balloon
fabric.

3.1 Balloon Environmental Considerations

Since the balloon will be filled with hydrogen and sealed prior to
deployment, it will act as a super-pressure balloon. A positive pressure
difference develops between the inside of the balloon fabric and the
surrounding atmosphere; this AP varies directly with the temperature of the
balloon gas. As long as the volume remains constant, the balloon will float
along a constant density plane in the atmosphere.

In order to effectively determine balloon performance, a reliable
atmospheric model had to be used. From Ref. 1, pressure and temperature
models were obtained based on Viking Lander data. Using these models with the
Ideal Gas Law, a density profile was obtained at each Viking site. As can be
seen in Figure 3.1, both models predicted density levels significantly higher
than the isothermal model used in last quarter's study.

MARS DENSITY PROFILE
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Figure 3.1 Mars Density Profile

Examination of Martian surface conditions revealed that the Viking 2
site 1ies two km below the Martian datum, and therefore, has a higher density
at the surface than many of the designated landing sites. Noting the
variation in altitude at the five sites chosen, it was decided to determine a
baseline design, using that same balloon radius for all of the rovers.

Another option is to tailor each balloon to the atmospheric conditions at each
site, but this concept was not consistent with our desire to make the five
rovers as uniform as possible, and thus was rejected.
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Besides variations with location, local daily variations in density
also were determined. At night, the local density increases slightly over its
daytime value due to atmospheric cooling. To account for this density change,
the temperature model and the pressure scale height were multiplied by
180/220, the ratio of mean nighttime temperature to mean daytime temperature.
The resulting density profile is shown in Figure 3.2.

MARS DAY/NIGHT DENSITY PROTILE
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Figure 3.2 Day/Night Density Profile

Equally important to balloon design were the expected temperature
extremes of the balloon. As will be shown in the next section, the balloon
temperature directly affects the pressure inside the balloon envelope. To
determine the maximum-daytime/minimum-nighttime temperature extremes, the
balloon was modeled as an isothermal body. The resulting steady-state heat
balance, Eqn (1), offsets solar flux and ground radiation inputs with balloon
surface radiation.

apQm/2 + egapo(Tgt-Tp4)/2 = epoTp? (1)

where

ap = balloon surface absorbtivity

Qm = Martian solar flux (560 W/m2)

€g = ground emissivity

Tg = ground temperature (300 K daytime/150 K nighttime)

Tp = balloon temperature

ep = balloon emissivity

g = Stefan-Boltzman constant

Assuming surface absorbtivity and emissivity values of 0.015 and 0.30,
respectively, (typical values for Mylar, from Ref. 3, page 123), the maximum
and minimum temperatures of the balloon were found to be 290 K and 136 K,
respectively. For design purposes, the temperature range was set at 300 K to
130 K.
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3.2 Balloon Design Results

Using a computer program based on Archimedes Principal (as described
in last quarter's report, Ref. 4), I developed a profile of cruising altitude
vs. balloon radius for different payload sizes, as shown in Fig. 3.3. This
and a supporting program are shown in Appendices 3.1 and 3.2.

CRUISING ALT. VS RADIUS
HYDROGEN, Tfill = 220 K
VASIOUS PAYLOAD WEIGHTS
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Figure 3.3 Balloon Cruising Altitude vs. Radius

From this figure, a 19 m radius balloon was selected, which will 1ift
116 kg of payload to an altitude of 2.5 km above the Martian datum. This
"payload" refers to all mass other than the balloon fabric and gas, including
the scientific payload, power supply, and tethering. The local cruising
altitude depends upon the altitude of the specific landing site, and varies
from 2.5 to 4.5 km. The total system mass approaches 370 kg, requiring 70 kg
from the mass budget's Management Reserve. The class decided to dip into the
reserve rather than downsize the payload to meet the system mass requirement
of 300 kg because we would have lost a significant portion of the valuable
scientific capabilities of the mission. Consequently, the mass budget was
changed so that the Balloon Rover now has 400 kg.

The fabric chosen for the balloon has to endure severe environmental
conditions that include large temperature extremes, prolonged exposure to UV
radiation and significant pressure-induced stress. The study examined four
fabrics commonly used in super-pressure balloon applications: Mylar
Polyethylene, FEP-Flourocarbon, and a Mylar/Rip-Stop Nylon ]aminate.3 Each
material was evaluated based on data from Ref. 3, pg 77 and Ref. 5, pg 25.

As described in the previous section, the balloon fabric temperature
could get as cold as 130 K. Both Polyethylene and the Mylar/Nylon laminate
become brittle below 190 K, and could fail under even optimistic nighttime
temperatures. FEP and Mylar have much lower minimum temperatures, 53 K and
83 K, respectively. Since FEP is much denser, -but only about 1/10 as strong

as Mylar, Mylar was chosen for the balloon fabric.
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3.3 Balloon Pressure Effects

The internal pressure of the balloon varies directly with it's
temperature; as the balloon heats during the day, it's pressure rises as well,
The pressure difference (AP) between the inside of the balloon and the
surrounding atmosphere places a stress on the fabric that can be expressed as:

o = APr/2t (2)

where

induced stress (N/m2)

AP = ambient-internal pressure difference (Pa)
r = balloon radius (m)
t = fabric thickness (m)

This equation was used to find the stress vs aP for various balloon
sizes(Figure 3.4). The yield strength of Mylar was taken from tensile test
data in Ref. 5. As can be seen in the figure, the maximum AP a 19 m radius
balloon can take without yield is about 510 Pa.

BALLOON FABRIC STRESS PROFILE
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Figure 3.4 Balloon Stress vs. Pressure Difference

The pressure-induced fabric stress had to be considered when
optimizing the amount of hydrogen to place in the balloon. If too much gas
is placed in the balloon envelope, then the AP at 300 K will exceed the yield
strength of the fabric. However, enough gas must be used so that, as the
balloon cools at night, the balloon pressure remains above ambient, since
further cooling after this point reduces the balloon volume, which adversely

affects buoyancy.
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The Ideal Gas Law was used to determine the AP resulting from a sealed
balloon with a fixed amount of Hp as it rises to its cruising altitude. The
changes in both pressure and volume resulting from expected temperature
fluctuations were also calculated by Ideal Gas Law, according to the
equations shown below.

8Py = mR/Vp 6T (3)
6Vp = mR/Ppy &T (4)
8Pp = APy + &Pp (5)

where

Py = balloon pressure

T = balloon temperature
Vp = balloon volume

m = mass of lifting gas
R = H2 gas constant

By calculating the maximum AP at 300 K and the volume change at 130 K,
the effect of daily large-scale temperature variations on balloon performance
was determined for different amounts of 1ifting gas. Based on this procedure,
the 19 m radius rover should be filled with 22 kg of Hp. At 300 K, a maximum
AP of 423 Pa results, which is within acceptable 1imits, as seen in Fig 3.4.
The balloon volume stays constant down to 169 K, then shrinks as much as 23%
if the balloon temperature drops to 130 K. Based on a nighttime density
profile, the balloon would then drop to an altitude of 1.0 km above the
Martian datum.

3.4 Aerial Mission Duration

The balloon will remain aloft, day and night, until buoyancy is lost
either through a tear in the balloon envelope, or through diffusion losses.
Based upon diffusion rates given in Ref. 3 for Ho through Mylar, diffusion
losses do not significantly affect mission life. The possibility exists for
tears in the fabric resulting from particle impingement. The balloon should
therefore be launched during the Martian northern summer to avoid the hazard
of dust storms.

The 1imiting factor in balloon lifetime is loss of fabric tensile
strength due to prolonged UV radiation exposure. Based on data in Ref. 3, the
tensile strength of Mylar is reduced by as much as 30% after 120 hours of
exposure. Since the balloon will be exposed for approximately 12 hours each
day, and with the tensile yield strength safety margin being around 20%, I
estimated a balloon Tifetime of 5 - 7 days. It should be noted, however, that
there are coatings available which absorb UV radiation; these have the
potential to significantly improve the lifetime of the balloon.
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3.5 Areas of Further Study

The results of the Balloon Systems Design analysis indicate that a
feasible Martian Balloon Rover can be developed with present-day technology.
Some areas of analysis and design need to be researched in greater detail,
however, before a final Balloon Rover design can be developed.

Further work is needed to better understand the surface
characteristics of the balloon fabric, Mylar, and tailoring for optimum
performance in the Martian environment. Significant variations in the balloon
temperature range can be realized by changing the surface emissivity and
absorbtivity of Mylar, possibly using thermal coatings. Coatings can possibly
be used to absorb UV radiation, which would increase the rover's aerial
mission duration. Some type of self-sealing system, such as used in modern
automotive tires, would reduce the threat of particle impingement.

It should be noted that there is a great deal of research being
conducted on improved balloon fabrics that would greatly enhance the
capabilities of a Martian rover. High strength, lightweight fabrics are
being developed by the Jet Propulsion Lab, among others.Z Their extremely low
fabric densities, 1/4 that of standard Mylar, would allow a substantial
increase in payload capability, or a downsizing of the balloon used to Tift

the same payload.
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4.0 Balloon Deployment

Two fundamentally different methods for deploying the balloon system
were studied in order to determine their feasibility. These methods are:
1) to deploy the balioon out of the mothership once it has landed, and 2) to
deploy the balloon during the initial descent from orbit. In this section,
these options are developed and discussed, and the better of the two selected
for the baseline design.

4.1 Ground Deployment -- Jim Cantrell

4.1.1 Fabric Storage and Deployment

Some of the issues governing the ground deployment scheme are:

1) the balloon fabric storage method, 2) the balloon 1ift during the
filling period, and 3) the balloon's angular deflection (toward the
ground) due to surface wind conditions. The balloon fabric needs to be
stored in a fashion conducive to simple deployment, and the system must
be able to 1ift itself out of the storage bay without damage to the
fabric. These criteria were used to develop and evaluate the ground
deployment system.

Requiring simple and controlled release and compact storage of the
balloon fabric prior to deployment, the storage system shown in Figure
4.1 was created. View A shows the balloon in the deployed state. Note
the creases which extend longitudinally around the perimeter of the
balloon. These folds help the fabric to be drawn toward the central
balloon axis in an orderly fashion when it is pulled lengthwise, as shown
in view B. The fabric is then rolled, or twisted, 1ike an umbrella, and
encased with a thin membrane, which is shown in the cross-section, A-A.
The major benefits to such a system are controlled deployment, and its
ability to be coiled for storage.

While filling, the balloon does not have sufficient buoyancy to
begin 1ifting even the fabric out of the storage bay until a critical
volume is reached. This critical point corresponds to a critical radius
defined by:

3o T

1

Rco2 RH2
where:

critical balloon radius (m)
fabric area density (kg/m)
ambient temperature (K)
ambient pressure (Pa)

C02 gas constant (188 N m/kg K)
H2 gas constant (4124 N m/kg K)

o
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-

©
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n o a w uwn

X X
o
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(This relation is derived in Appendix 4.2)
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Using a fabric density of 0.0502 kg/m2, an ambient pressure of
600 Pa and temperature of 220 K, the critical radius is 10 meters. This
figure is much too large to expect the balloon to 1ift itself out of the
deployment bay.

The need for some form of a 1ifting mechanism to deploy a length of
the balloon is obvious. Several possibilities include the use of a
mechanical arm, or a drogue balloon. The mechanical arm has several
major drawbacks, among which is the immediate danger of damage to the
balloon fabric during the inflation phase. This, along with the mass
penalty and complexity inherent in an arm make it less desirable than a
passive system such as the drogue balloon. Figure 4.2 shows the
deployment system using a drogue. The drogue has the advantage of low
mass and simplicity as well as posing no obvious threat to the integrity
of the balloon fabric.

The drogue balloon, being made of ultra-thin material, has a small
critical radius and thus 1ifts itself out of the deployment bay. Use of
an ultra-thin material does not compromise this balloon as its mission is
relatively short-lived since it is not needed after the main balloon is
deployed. The drogue's 1ift is sufficient to raise an amount of the main
balloon such that its critical volume can be reached. Figure 4.3 shows,
graphically, the relationship between net drogue 1ift and the amount of
undeployed balloon length (see Appendix 4.2). The drogue 1ift
requirements are quite reasonable for lengths of deployment less than 3
meters (< 1.5 kg). Using a Tift of 1.5 kg, and a fabric area density of
10 g/m2, a radius of 2.87 meters is required for the drogue balloon.

This is a reasonable size that can be easily stored and deployed.

The overall deployment scheme proceeds as follows. The drogue
balloon (2.87m) fills with hydrogen and begins to rise out of the bay,
1ifting the undeployed balloon material. An equilibrium point is reached
and filling of the main balloon commences. Once the critical radius is
reached, the main balloon begins to 1ift itself, deploying more of the
fabric by tearing away the protective sheath via the ripcords, 1ike
peeling a banana. This allows the 1ift to control the rate of fabric
deployment. The top of the balloon rises according to:

-F/g + Lq + V*t*pcp2 - mdot*t

y = + 14
2 m Ry of
where:
y = total height above the lander (m)
‘14 = initial deployment length (m)
F = ripcord tension (N)
Lg = net drogue 1ift (kg)
pCO? = atmospheric density (kg/m3)
mdot = mass flow rate into the balloon (kg/s)
t = time since begin of fill (sec)
Rp = balloon radius (m)
of = fabric area density (kg/m2)
mdot*RH2*Tamb
V_
Pamb

(1ist continues on page 21)
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RH2 = hydrogen gas constant (4124 N m/kg K)
Tamp = ambient temperature (K)
Pamb = ambient pressure (Pa)

(Derived in Appendix 4.3)

From this relationship, Figure 4.4 was derived. Various mass flow
rates were used in order to compare the behavior of the balloon during
deployment. A slight dipping is seen during the initial phases of the
deployment due to the non-linear release of the fabric, but it is not
significant. It is also apparent from this figure that a ground
deployment scheme is not mass flow intensive as even very small flow
rates exhibit no detrimental effects on the balloon deployment.

Balloon deflection due to surface winds are a limiting factor in
the ground deployment scheme. Large deflections could result in damage
to the balloon fabric, instability in the mothership/lander, and
undesirable balloon fabric deployment. An equation describing the
deflection is derived in Appendix 4.4:

Fd = ; ra2*pco2 V2 Cp

-n
o
n

w
" x2 pco2 V2 Cp

Haryve7r

Using this relationship, Figure 4.5 was developed. As can be seen,
wind speeds above 15 m/s pose a threat to the balloon, but average
surface winds of 5 m/s pose little danger. It must be noted that the
deflection angles are most severe during a short transient period. Thus,
it may be tolerable to launch the balloons in winds up to 15 m/s. It is
interesting to note at this point that a wind condition of 30 m/s and a
mass flow rate of 15 g/s grounded the balloon. This is due to the wind
drag forces deploying the balloon fabric before enough 1ift is generated
to support it. Considering the above results, it is apparent that winds
do pose a problem for the overall ground deployment scheme and impose
criteria concerning allowable launch conditions.
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4.1.2 Hydrogen Storage

The storage of 22 kg of hydrogen in a small volume (< 1 m3) for a
long period of time (2 years) poses some very challenging design problems
when the system mass is as critical as it is with this balloon rover.
Three methods of storage were considered: 1)conventional high pressure
storage, 2)cryogenic storage, and 3)solid storage. The problem with high
pressure is the large mass associated with such systems, and liquid
hydrogen must be maintained at an extremely low temperature (6.86 K).1
Solid storage can be mass-intensive and also presents extraction
problems. Due to the lack of literature on this method it was not
pursued. High pressure was deemed the most feasible manner of storage in
1ight of expected advances in lightweight structural materials.

The use of conventional metals for the pressure vessel result in an
unacceptably high mass, mainly due to the storage pressures of up to 28
MPa. A sphere constructed of titanium requires 225kg. This mass is much
too high. Alternative materials were sought in order to reduce this mass
requirement. One possible class of materials are carbon fiber reinforced
composites.

Composites offer good strength-to-weight ratios, as well as being
actively researched and advanced at present. Despite this, diffusion of
Ho through the tank material is a very real concern, especially with a
porous material such as a composite. This is an area of current research
and for the purposes of this preliminary design, it was assumed that this
problem will prove solvable.

Figure 4.6 shows the relationship between the geometric properties
and the mass of a spherical tank composed of carbon fiber laminates. The
figure is based on a quasi-isotropic ply angle lay-up: (45,90,-45,0), the
Reidlich-Kwong equation of state for hydrogen, thin-wall pressure vessel
analysis, and a single-ply failure criterion. For our application, the
vessel has the following specifications:

dimensions 1.24 m dia., 1 m3 volume
capacity 22 kg hydrogen

mass 80 kg (w/o hydrogen)
max. temperature 300 K

pressure 28 MPa

(see Appendix 4.9)

As can be seen in the figure, the use of composites offers substantial
mass savings over conventional materials. As previously mentioned,
further research needs to be conducted in order to assess problems of
diffusion and the effects of repeated load cycling due to temperature and
pressure fluctuations.
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4.2 Descent Deployment -- John Higham

4.2.1 Initial Designs

Three schemes for descent deployment were considered. The first
is to leave the balloon rover attached to the lander, and to fill the
balloon as the system descends. The second option is to land the entire
MLR unit, then use a small rocket to launch the balloon rover into a
parabolic trajectory and to begin filling the balloon when apogee is
reached. The third idea is to separate the balloon and its payload,
along with the necesssary inflation apparatus, from the lander when the
Tander is ready to deploy its parachute (~5800 meters). This last scheme
is the one studied in the most detail for reasons that follow.

In order to fill the balloon while attached to the descending
lander, it is necessary to have the balloon full and ready to detach
prior to the firing of the lander retro-rockets. This may not be a
problem, but filling the balloon behind a vehicle as large as the
mothership (2 meter dia.) may be, due to the resultant turbulence. It
was decided that avoidance of this potential would be prudent and thus,
this design was not considered in great detail.

The motive for deploying the balloon as it reached the peak of a
suborbital trajectory was that the velocity would be essentially zero at
the point of deployment. This could be used to advantage by deploying a
parachute sized to provide as much fill time as necessary. A major
disadvantage is the obvious increase in mass of the landing systems and
the balloon Taunch rocket. This deployment system, therefore, is viewed
as a "last resort" option.

Deploying the balloon and its payload as it descends, separate
from the mothership, proved to be the preferred method. In addition to
providing sufficient fill time (depending upon parachute sizing), it also
considerably decreases the landed mass. This, in turn, allows an
increase in the payload mass for the surface operations. The remainder
of this section is devoted to describing how the descent was modeled and
the resulting solutions.

4.2.2 Descent Modeling

It was decided to separate the balloon payload from the lander just
prior to when the lander deploys its parachute. This translates into an
altitude of 5800 meters and a velocity of 250 m/s. Next I proceeded to
develop a Free Body Diagram of the balloon rover system in order to model
its motion. The following differential equation resulted (See Appendix
4.6 for the derivation):
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where
Fg = Balloon 1ift force
Fp = Balloon/parachute drag force
G = Gravity force on Mars
M = System mass
x = Distance above the surface of Mars

This equation was calculated in a computer program that allowed variation
of parameters such as fill time, drag coefficients, and parachute size.
Results from several cases were compared to define possible descent
scenarios. The following table presents pertinent data on the parachute
which is arguably the best choice. Of special interest are the maximum
deceleration, balloon fill time, and cruising altitude.

Parachute size: 300 m2

Time (sec) Altitude (m) Velocity (m/s)
0 5800 =235
1 5604 -165.3 Maximum deceleration
300 705 -9.4 Balloon is full
310 656.59 -0.644
311 656.29 0.033 Balloon begins to rise
877 2693.22 0.008
878 2693.22 -0.005 Cruising altitude
900 2690.11 -0.272 Small oscillations about

cruising altitude

Graphical representation of the results of this computer analysis is
shown in Figures 4.7 through 4.12. A listing of the program code is
included in Appendix 4.7.

4,2.3 Filling the Balloon

One of the major questions that needs to be answered is what a
reasonable fill time is. In order to answer this question we first need
to know the gas storage method. As was discussed in Section 4.1.2, the
high pressure option appears best, especially for descent deployment,
which will require fairly rapid inflation. To calculate the mass flow
rate into the balloon, ideal gas conditions were assumed. Even though
the storage pressure for the hydrogen is quite a bit above the critical
pressure for hydrogen, it turns out that this assumption is valid (see
Appendix 4.8 for details).




For Figures 4.7 - 4.12, the following data apply,

Initial velocity 250 m/s
Descent angle 20°
Initial altitude 5800 m
Radius of balloon 19.5 m
Total payload mass 363 kg
Mass of hydrogen gas 22 kg
Mass of Hp storage tank 80 kg
Parachute deployment time 15 sec
1.0

Parachute Cp

Additional parameters apply to each figure, as noted.
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Using this assumption, it was found that for a 15 meter, 25.4 mm diameter
fill tube, it takes approximately 23 seconds for the balloon to fill.
This may, in fact, prove to be too fast, since the hydrogen coming out of
the nozzle will have an initial velocity of 247 m/s and a mass flow rate
of 3 kg/s. This is potentially hazardous to the fabric of the balloon.
For this reason, fill times of up to 300 seconds (5 minutes) were
considered. Further study is necessary to determine how rapidly the
balioon can safely be filled. For additional mass flow considerations
see Appendix 4.8.

A quick glance at Figures 4.9 through 4.12 indicates that the
parachute is needed only until the balloon is full. If the parachute
remains attached any longer than this it weighs down the balloon, not
allowing it to rise. Of the cases presented above, it is beljeved that
Figures 4.9 and 4.10 are the best models, with Fig. 4.9 being the most
realistic, as the case in Fig. 4.10 has too rapid a fill time (see
Appendix 4.8).

Graphs of velocity as a function of time were generated by the
computer program, but the various cases were so close that it was very
difficult to gain much information from these plots. Velocity profiles
are important in determining expected decelerations. An abridged table
of two worst-case situations are presented on the following page. This
data shows the deceleration which takes place during the first ten
seconds of balloon rover deployment when parachutes of 100 m2 and 500 m2,

respectively, are employed.
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Parachute Size = 100 m?

Time (sec) Altitude (meters) Velocity (m/s)
0 5800.00 -234,923
1 5575.40 -214,968
2 5374.72 -187.788
3 5200.38 -162.305
4 5049.25 -141.103
5 4917.07 -124,138
6 4799.99 -110.666
7 4694,95 -99,911
8 4599,96 -91.237
9 4512.00 -84,158

10 4430.87 -78.312

Parachute Size = 500 m2

Time (sec) Altitude (meters) Velocity (m/s)
0 5800.00 -234.,923
1 5621.07 -139.861
2 5513.01 -85.652
3 5442,47 -59.081
4 5391.21 -45,015
5 5350.67 -36.848
6 5316.57 -31.774
7 5286.58 -28.463
8 5259.32 -26.219
9 5233.93 -24.653

10 5209.88 -23.532

The highest deceleration experienced with the 100 m parachute is on the
order of 3 Earth g's, whereas the larger parachute produces loading as
high as 10 g's. This should be a major consideration in the eventual
selection of a mission parchute because undoubtedly there will be payload
components which 1imit the loading which the system can be subjected to.
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4.3 Conclusions

After considering the advantages and problems associated with the
ground-based and the descent deployment schemes, we decided that airborne
deployment is preferred. This method avoids the potential problem of contact
between the fabric and the Martian surface. However, turbulent air flow
around the inflating balloon may cause damage to the fabric. This concern is
best addressed by experimentation as was employed in the development of the
Viking descent parachute. A major point in favor of descent deployment is
that it increases the mass which can be used for the mothership and SAR, thus
allowing more scientific payload.
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5.0 Optics and Communictaions -- Steven Brown

5.1 Optical Requirements of Balloon Rover

One of the main objectives of the balloon rover is to obtain high
resolution photographs of the surface of Mars. Some of the considerations
are:

1. Minimum resolution requirements

2. Minimum area of coverage per photograph
3. Required lens focal lengths

4, Type of photographs

a) black and white or color
b) spectral response: infrared, visible, ultraviolet.

The resolution obtained is directly proportional to the number of
photo-sensors in the device and inversely proportional to the area which is
to be covered by each image. As the coverage area increases the area
which is sensed by each pixel (photo-sensor) also increases, resulting in a
lower resolution. This can be corrected by increasing the number of pixels
per photograph. Another factor which must considered is the focal length
required to obtain a particular resolution.

The area covered by a square array photo-detector is related to the
resolution by the following equation:

R2=A
N

P

Where R is the resolution, A is the area covered and Np is the number of
pixels in the square array.

Assuming that a resolutio